Mandarin peel, a waste product coming from juice production, was extracted by conventional 
INTRODUCTION
Lipid peroxidation is a ubiquitous phenomenon, first associated with the development of rancidity in food and implicated in the aging process as well as in several degenerative diseases (1) . A lot of scientific investigations have been performed to discover possible functional properties of food compounds, antioxidant or otherwise, which could be efficient in preventing diseases like atherosclerosis, hyperglycemia, brain dysfunction and cancer. Most of the food additives and supplements present in modern food and pharmaceuticals are synthetic compounds, with well known harmful effects on human health. Many epidemiological and experimental studies certify that natural antioxidants derived from the diet can prevent the early onset of ROS (Reactive Oxygen Species) related diseases.
Citrus is an important crop mainly used in food industries for fresh juice production and peel is the main by-product of its processing. In general, fruit skin contains a higher concentration of antioxidant substances than the flesh of the fruit (2) . Citrus peel, which represents roughly one half of the fruit mass, is a rich source of bioactive compounds including natural antioxidants such as phenolic acids and flavonoids (3).
Dried peels of mature mandarin Citrus reticulata, more familiar as chenpi in China, is recorded in the Chinese Pharmacopeia as being appropriate for activation of vital energy and circulation, elimination of phlegm, disperse physical stagnation, etc. The primary active biological constituents of them are adrenergic amines (such as synephrine, octopamine, and tyramine) (4) and flavonoids (flavanones, flavones, and flavonols) and phenolic acids (5) .
In this study we investigated the antioxidant activity of the extract of mandarin (Citrus reticulata) peel. Mandarin peel extract (MPE) was prepared by conventional extraction with 70 % (v/v) aqueous solution of acetone. Contents of major flavonoids in MPE were qualified and quantified by HPLC. Free radical scavenging activity of MPE was determined on stable DPPH radicals by spectrophotometric method and on reactive hydroxyl radicals by ESR spin-trapping method. Synthetic antioxidant butylated hydroxyanisole (BHA) was used for comparison. Furthermore, we studied the oxidative stabilisation of sunflower oil with MPE under accelerated conditions.
EXPERIMENTAL

Chemicals and reagents
Hesperidin and 1,1-diphenyl-2-picrylhydrazyl (DPPH), 5,5-dimethyl-1-pyroline-Noxide (DMPO) were purchased from Fluka, narirutin was purchased from Extrasynthese (France). All standards were HPLC grade. Trichloracetic acid (TCA), butylated hydroxyanisole (BHA), thiobarbituric acid (TBA) and 1,1,3,3-tetraetoxypropane (TEP) were obtained from Sigma Chemicals Co. (USA). Acetone, methanol, and anhydrous acetic acid pro analysis grade purity were provided by Merck. Dimethylformamide (DMF), iron(II) chloride tetrahydrate and hydrogen peroxide were obtained from J.T. Baker. Milli Q water produced by Milli-Q plus apparatus was used for HPLC analysis. Refined sunflower oil was purchased from "Vital", Vrbas (Serbia).
Preparation of MPE
Mandarin peels were collected from fruits bought at the local supermarket. Peels were dried by hot air flow (40 -50°C) and stored in dark and cool place. Dried peels were ground before use and stored in dark at room temperature. For conventional extraction the 70 % (v/v) aqueous solution of acetone was used. Extraction was performed in a glass flask and the ratio of solvent volume and mass of material was 50 ml/g. After 2 hours of mixing with magnetic stirrer at the temperature of 40°C, solvent was separated by vacuum water pump. After drying, the extract was weighed and stored in a cool place before analysis.
HPLC analysis of MPE
The content of hesperidin and narirutin in MPE was determined by HPLC method. The standard solutions were prepared by dissolving hesperidin and narirutin in methanol. MPE (10 mg) was dissolved in methanol (10 ml), sonicated and filtered before analysis.
The HPLC system consisted of a Varian 9012 pump and Varian diode array detector 9065. Column Chomsep SS C-18 250  4.6 mm Microsorb 100 stationary phase with 5 μm particle size was used. The mobile phase consisted of two solvents: A: methanol, and B: 2 % (v/v) acetic acid in Milli-Q water. The method started with linear gradient from 25 % A to 40 % A in 3 min, then changed to isocratic for 5 min at 40 % A, followed by linear gradient from 40 % A to 70 % A for 30 min and 2 min isocratic at 70 % A. The method continued with linear gradient from 70 % A to 80 % A in 10 min and finished with isocratic for 5 min at 80 % A. The sample injection volume was 20 μl, and the injection was performed manually. The flow rate was 0.85 ml/min and detection was performed at 282 nm. The quantification was made with external standard.
DPPH free radical assay
The free radical scavenging activity of MPE was determined spectrophotometrically. The hydrogen atom or electron donation abilities of the MPE was measured from the bleaching of purple-colored methanol solution of stable 2,2-diphenyl-1-picrylhydrazyl radical (DPPH • ). Briefly, 1 ml of solution of MPE in 95% methanol, in the final concentration range of 0.025-0.35 mg/ml, or 1 ml of methanol (control) were mixed with 3 ml of 90 μM DPPH solution (18 mg in 50 ml 95% methanol prepared daily) and 8 ml of 95% methanol. The mixture was vortexed thoroughly for 1 min and left at room temperature for 60 min, then the absorbance was read against control at 515 nm using UV-1800 spectrophotometer (Shimadzu, Kyoto, Japan). The control probe contained all components except for the radicals. The capability of MPE to scavenge DPPH radicals, DPPH
• scavenging activity (SA DPPH • ), was calculated using the following equation: SA DPPH • (%) = 100 × (A Control -A Sample )/A Control , where A Control is the absorbance of the control reaction (containing all reagents except the MPE) and A Sample is the absorbance in the presence of the MPE.
Hydroxyl radical assay
Hydroxyl radicals were obtained by the Fenton reaction and detected by spin trapping in a system consisting of: 0.2 ml H 2 O 2 (2 mM), 0.2 ml FeCl 2 (0.3 mM), 0.2 ml of DMF and 0.2 ml DMPO (112 mM) as spin trap (control sample). The influence of MPE on the amounts of hydroxyl radicals trapped by DMPO was studied by adding the DMF solution of the MPE to the reaction system in the concentration range of 0.05 -2.0 mg/ml. ESR spectra were recorded 2.5 min after mixing on an ESR spectrometer Bruker 300E (Rheinstetten, Germany), with the following spectrometer settings: field modulation 100 kHz, modulation amplitude 0.512 G, receiver gain 1 × 10 
Assay of thiobarbituric acid-reactive substances (TBARS)
MPE was added to sunflower oil at a concentration of 200 mg/kg (legal limit for synthetic antioxidants (6)). Control sample (without antioxidant) and sample with MPE were stored in an incubator at a fixed temperature of 60°C for 24 days. Lipid oxidation of sample was assessed by the 2-thiobarbituric acid (TBA) method. Analyses were conducted at 4-day intervals. In brief, an aliquot of 2 g of sample was homogenised with 10 ml of TCA (5%) and 5 ml of BHA (0.8%) on an ultrasonic bath for 5 min and then centrifuged for 5 min at 3000 rpm. A volume of 2.5 ml of supernatant (water layer) was added to 1.5 ml of TBA (0.8%) and heated in water bath (70°C) for 30 min for pink colour development. The tube was first cooled and then the absorbance was measured at 532 nm using UV-1800 spectrophotometer (Shimadzu, Kyoto, Japan). TBARS were calculated from a standard curve of malondialdehyde (MDA) freshly prepared by acidification of TEP in the range from 0.006 to 0.299 μg/ml and expressed as mg of MDA per kg of sample.
RESULTS AND DISCUSSION
Mandarin, as other citrus fruits, has nutritional importance due to its particular composition. Flavonoids, especially polymethoxyflavones and flavanones (hesperidin, narirutin and naringin) are identified in citrus pulp as well as in peel (7, 8). In the by-products of citrus fruit after juice production, phenolic acids such as caffeic, p-coumaric, ferulic, and sinapic acids have also been identified (9, 10) .
In the present study, the presence of two flavonids, narirutin and hesperidin, was determined in MPE (Table 1 and Fig. 1 ). The amount of hesperidin detected in the MPE was five times higher than that of narirutin. Hesperidin exists largely in citrus peels and is considered as the main functional component. It is known that hesperidin is the most abundant flavanone in peel of mandarin fruits (11, 8) , and our result is accordance with these reports. However, Levaj et al. (12) showed that the amounts of narirutin in mandarin's peels were the highest (approximately 1.2 folds higher than the level of hesperidin) compared to the amounts of other flavanon glycosides. Peels contained higher level of investigated flavanones than pulp. In mandarin peels, flavanon glycosides were present in a decreasing sequence, as follows: narirutin>hesperidin>naringin. Xu et al. (13) determined four citrus flavonoids: narirutin, hesperidin, nobiletin and tangeretin, and seven phenolic acids, including four hydroxycinnamics (caffeic, p-coumaric, sinapic, and ferulic) and three hydroxybenzoics (protoca-
techuic, p-hydroxybenzoic, and vanillic), in Satsuma mandarin peel extracted with hot water, ferulic acid being the dominant one. The model of scavenging the stable DPPH radical is a widely used method to evaluate antioxidant activities in a relatively short time compared with other methods (14, 15) .
Figure 1. HPLC chromatogram of MPE
Hydroxyl radical is physiologically important reactive oxygen species that reacts with almost all substances (16) . MPE showed prominent, concentration-dependent free-radical scavenging activity on stable DPPH free radicals and reactive hydroxyl radicals (Fig. 2) . In the DPPH free radical assay MPE reached SA DPPH • = 100% at the concentration of 0.35 mg/ml, while the same effect in the hydroxyl radical assay was achieved at the concentration of 2 mg/ml. Concentrations of MPE that remove 50% of DPPH
• and hydroxyl radicals were 0.179 mg/ml and 0.415 mg/ml, respectively. Hydroxyl radical scavenging activity of investigated extract was higher than the activity of synthetic antioxidant BHA (EC 50
•OH = 1.505 mg/ml), while DPPH free radical scavenging activity was lower than BHA (EC 50 DPPH• = 0.028 mg/ml). Levaj et al. (12) also determined by the FRAP method higher antioxidant capacity of peels than pulps of Satsuma and Clementine mandarins. They found good correlation with total flavonoid, individual flavanones with antioxidant capacity, while Ma et al. (11) found the correlation with total phenol content.
The TBARS value is an index of lipid oxidation, measuring malondialdehyde (MDA) content. Hydroperoxides, the initial reaction product of polyunsaturated fatty acids, react with oxygen to form MDA, which may contibute to off-flavour of oxidised oils. It can be seen from Fig. 3 that MPE inhibited the formation of TBARS of sunflower oil during the whole storage period. TBARS values of the experimental sunflower oil incresed gradually during storage period, with increased acceleration after the fourth day. Stabilisation effect of MPE was strongest after eight days of storage, when TBARS value of the contol was 1.65-fold higher than that of MPE and the inhibitory effect reached 39.27 %. However, the inhibiton of lipid peroxidation with MPE after 24 days of storage was weak (5.25 %). Magda et al. (17) found that mandarin peels inhibited lipid peroxidation in biscuits. Addition of peels at the level of 10%, showing no adverse effects on the organoleptic properties of biscuits, improved the weight gain of rats, decreased the levels of serum total cholesterol, liver lipid and liver cholesterol and glucose blood. Authors suggested that powdered citrus peels can be used as natural antioxidants in biscuits production.
Presence of polyphenolic compounds, namely hesperidin adn narirutin, good free radical scavenging activity and inhibition of lipid peroxidation of MPE, documented in this paper, indicates that mandarin peel can be used as a safe food additive with antioxidant activity.
CONCLUSION
Composition analysis showed that MPE contains hesperidin (80.9 mg/g extract) and narirutin (15.3 mg/g extract).
MPE showed prominent free radical scavenging activity towards DPPH (EC 50 DPPH• = 0.179 mg/ml) and hydroxyl radicals (EC 50
•OH = 0.415 mg/ml). Hydroxyl radical scavenging activity was better than that of synthetic antioxidant BHA (EC 50
•OH = 1.505 mg/ml). MPE showed protective effects against lipid peroxidation of sunflower oil during 24 days of storage at elevated temperature, with a strongest effect on TBARS value reduction after eight days of storage.
Based on the results presented here, we suggest that mandarin peel powders can be used as substitutes for synthetic antioxidants, to increase the shelf life of food products containing fats and oils, imparting helath benefits to the consumer.
